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Attenuation of Photosynthetically Available Radiation by 
Chlorophyll, Chromophoric Dissolved Organic Matter, 
and Tripton in Lake Donghu, China 
Hong Yanga- b, Ping Xiea.", Yangping Xinga,b, Leyi Nia, and Hongtao Guoazb 
ABSTRACT 
The attenuation coefficient of photosynthetically available radiation [Kd(PAR)] 
and three water quality parameters [chlorophyll a (chl a)], chromophoric dissolved 
organic matter (CDOM) and tripton] were measured at three stations in shallow, 
subtropical Lake Donghu from April 2003 to March 2004. The multiple regression 
equation of &(PAR) versus chl a, CDOM, and tripton was: Kd(PAR) = 0.44 + 0.019 chl 
a + 1.88 CDOM + 0.016 tripton, which revealed the relative contributions of the three 
parameters to &(PAR). The effects of water and CDOM on Kd(PAR) were of minor 
importance (19-26%), while chl a and tripton were the two greatest contributors, 
accounting collectively for 74-81 %. 
INTRODUCTION 
In past decades, increased loading of pollutants due to increased population and 
agricultural activities has resulted in deterioration of water quality in many lakes in the 
world (e.g., Kondratyev et al. 2002, Gray and Li 1999, Ali et al. 1999), which has 
consequently led to attenuation of photosynthetically available radiation (PAR) in the 
water column and hence poorer growth of submersed macrophytes or even their 
disappearance (Schwarz et al. 2002, Yu et al. 1998, Ni 2001). In order to restore 
submersed macrophytes in affected lakes, it is essential to understand how PAR 
attenuation is influenced by such parameters as the water itself, chlorophyll a (chl a), 
chromophoric dissolved organic matter (CDOM), and inanimate particles (tripton). 
Up until now, most studies on PAR attenuation have been carried out in estuarine 
and marine habitats (e.g., Vant 1990, Christian and Sheng 2003, Lund-Hansen 2004) or 
temperate lakes (e.g., Field and Effler 1983, Tilzer 1983, Schanz 1985). However, 
quantitative data on relative contributions of various water quality parameters to PAR 
attenuation in subtropical Chinese lakes are still lacking. There are numerous shallow 
eutrophic lakes in the subtropical Yangtze River basin, and these lakes are characterized 
by high algal production due to high nutrient load and high sediment resuspension rate 
due to their shallow nature. Moreover, the great influence of sediment composition, 
especially grain size, on sediment resuspension has been verified in many lakes (e.g., 
Somlyody et al. 1990). Other studies have shown wind speed and effective lake fetch 
strongly correlate with sediment resuspension (Douglas et al. 2000, van Duin et al. 2001, 
Evans 1994). 
The objective of this study was to quantify the relative contributions of water, chl 
a, CDOM, and tripton to PAR attenuation in a shallow, eutrophic, subtropical lake. 
MATERIALS AND METHODS 
Lake Donghu (30°33'N, 114"23'E) is on the alluvial plain of the middle reach of 
the Yangtze River, China. It has a surface area of 32 km2, a volume of 62 million m3, and 
a mean depth of 2.2 m (Liu 1995). The phytoplankton is dominated by Bacillariophyta, 
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Cryptophyta, and Cyanophyta (mainly small-sized Oscillatoria spp. and Merismopedia 
spp.) (Xie and Liu 2001), and macrophytes have almost completely disappeared (Ni 
1996). Samples were taken monthlyat three stations between April 2003 and March 
2004. 
PAR was measured using a Li-Cor UWQ 4341 underwater sensor and a LI-1400 
data logger at 0.5 m depth intervals between 1000 and 1200 hours. Diffuse attenuation 
coefficients for downward i~adiance Kd(PAR) were calculated from the slope of the 
linear regression of the natural logarithm of downwelling irradiance (Ed) versus depth 
(Z), and values only from a fit r2> 0.95 were accepted (Kirk 1994). 
Chl a samples were filtered through Whatman GF/C filters, which were stored 
frozen until analysis. Filters for chl a analysis were ground in a tissue homogenizer with 
8 mL of 90% acetone, extracted for 24 h, and centrifuged to remove turbidity. 
Fluorescence was determined before and after acidification to correct for pheopigments 
(Marker et al. 1980). 
Lake water samples for CDOM analyses were filtered through Whatman GFJC 
filters. The absorption coefficient at 440 nm was taken as proportional to CDOM 
concentration (Kirk 1994), calculated by: g ~ 0  = 2.303 (A440 - A750) 1 L, where A40 and 
A750 are the absorbances at 440 and 750 nm, L is the cuvette path length (0.1 m), and 
the constant of 2.303 converts the base of the logarithm from 10 to e. 
The content of suspended particulate matter (SPM) was determined by filtering 
samples onto preweighed GFIC glass fiber filters, drying the filters (60°C) for 24 h, and 
then reweighing the filters. Tripton was calculated using SPM and chl a data. The ratio 
between chl a corrected for pheophytin and dry phytoplankton weight was assumed to 
be 1: 100 (Philips et al. 1995). The corrected chl a concentration was multiplied by 100 to 
obtain the dry phytoplankton weight, and then the dry phytoplankton weight was 
subtracted from the SPM data to obtain the tripton concentration (Christian and Sheng 
2003). 
For partitioning of Kd(PAR) into components, it as assumed that Kd(PAR) is the 
sum of IXd(PAR)Iwater, [Kd(PAR)lchl a* [K~(PAR)IcDoM, and [Kd(PAR)1!ipton (McPherson 
and Miller 1987). Light attenuation by the water was taken as a constant of 0.027 (m-1) 
(Smith and Baker 1978). We performed multiple regression of Kd(PAR) versus chl a, 
CDOM, and tripton and determined the coefficients; we used the coefficients of chl a 
and CDOM to calculate the Kd(PAR) for them. [Kd(PAR)ltript,, was obtained by 
subtracting the partial attenuations due to chl a, CDOM, and water from the measured 
Kd(PAR) (Christian and Sheng 2003). 
Three sediment cores to a depth of about 10 cm were collected at each station to 
analyze sediment grain size. Organic and calcite matter in samples were removed by 
hydrogen peroxide and sparse hydrochloric acid. After adding CalgonTM, a surfactant [I 
L Calgon contains 33 g of N ~ i ( p 0 ) ~  and 7 g of Na2C03] (Yi et al. 2004), and dispersing 
by ultrasonic treatment, the suspension of sediment was analyzed with a laser grain size 
analyzer (Mastersizer 2000, Malvern, Inc.). Mean grain size and sorting were calculated 
based on the formula of Folk (1968). 
The effective fetch distances corresponding to the southeasterly and northwest- 
erly winds that predominate in the summer and winter were calculated for each station 
according to Nolen et al. (1985). 
All the correlations and regressions were performed using Statistics 6.0 software. 
RESUZ=TS AND DISCUSSION 
The temporal and spatial variation of Kd(PAR) and water quality parameters are 
displayed in Figure 1. Average Kd(PAR)s at Stations I, 11, and 111 were 2.6 (1.1-3.8), 1.9 































































fold, and 3.9-fold temporal variation at Stations I, 11, and 11, respectively. Kd(PAR) was 
lowest in November or December 2003 and highest in summer (June, July, and August) 
2003. These PAR attenuation coefficients equal photic zone depths (1% light level) of 
2.1 (1.2-4.2), 3.0 (1.4-5.6), and 3.4 (1.7-6.1) m at Stations I, 11, and 111, respectively. 
Chl a content ranged from 13.8 to 123.6 mg m-3 at Station I, from 13.2 to 87.2 mg 
m-3 at Station 11, and from 7.3 to 55.7 mg m-3 at Station 111, with the maxima in June or 
July 2003 and minima in December 2003 or January 2004. 
Average CDOM absorption coefficients were 0.22 (0.16-0.29), 0.20 (0.14-0.27), 
and 0.18 (0.10-0.25) at Stations I, 11, and 11, respectively. Maxima appeared in September 
or October 2003, while minima appeared in April or May 2003. 
On the average, the tripton concentrations were 15.5 (10.6-22.5), 16.3 (11.2-23.5), 
and 18.0 (12.1-25.3) mg L-1 at Stations I, 11, and 11, respectively. The tripton 
concentrations showed two peaks, in July 2003 and January 2004, corresponding with 
high wind velocities. 
Chl a (R2 = 0.440; p < 0.01), CDOM (R2 = 0.214; p < 0.01), and tripton (R2 = 
0.134; p < 0.05) all had significant relationship with Kd(PAR). Though the relationship 
was not significant at the 0.5 level, tripton concentration showed a positive correlation 
with daily average wind speed. 
The multiple regression equation of Kd(PAR) versus chl a, CDOM, and tripton 
was: &(PAR) = 0.44 + 0.019 chl a + 1.88 CDOM + 0.016 tripton (R2 = 0.674; p < 
0.001). [Kd(PAR)lChl, and [Kd(PAR)ICDOM were calculated by multiplying 0.019 and 
1.88 by average concentrations of chl a and CDOM, while [Kd(PAR)lbipton was 
obtained by subtracting the partial attenuation due to water, chl a, and CDOM from the 
measured Kd(PAR). The relative effects of water and CDOM on Kd(PAR) were of minor 
importance (19-26%), while chl a and tripton were the two greatest contributors to 
Kd(PAR), and they accounted for 74-81% of Kd(PAR) in Lake Donghu. Chl a had 
greatest effect on Kd(PAR) at Stations I and 11, while tripton accounted for the highest 
percentage of Kd(PAR) at Station 111. 
The percentage partitioning was calculated through the equation in four different 
cases for all variables at average values, maximum chl a values, maximum CDOM values, 
and maximum tripton values and with the other variables at average values (Fig. 2). Chl 
a partitionings increased to 65.1%, 62.2%, and 48.8% of total Kd(PAR) at maximum chl 
a values at Stations I, 11, and 11, respectively, while tripton partitionings increased to 
46.1%. 53.4%, and 66.3% of total Kd(PAR) at each station. This clearly indicated that chl 
a was the greatest contributor to at Kd(PAR) at maximum tripton values at Stations I and 
11, while tripton had the greatest effect on Kd(PAR) at Station 111, both at average and 
maximum concentrations. 
The relative effect of water on Kd(PAR) was very small (1.2-2.0%) in Lake 
Donghu, which is similar to the results of Lund-Hansen (2004) from an estuary. It 
appears that the effect of water on Kd(PAR) becomes negligible at high concentrations 
of chl a and tripton (Morel 2001). 
In the present study, the effect of CDOM on Kd(PAR) was also of minor 
importance (17.8-23.9%) in Lake Donghu, probably because that effect of CDOM was 
overshadowed by the greater effects of chl a and tripton in this shallow eutrophic lake 
(van Dijk et al. 1992). 
Chl a is suggested to account for a high percentage of the light attenuation in 
many productive inland waters (Field and Effler 1983, Tilzer 1983, Schanz 1985). 
Similarly, in the present study, chl a had its greatest effect on Kd(PAR) at the more 
eutrophic Stations I and 11, whereas tripton accounted for the highest percentage of 
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Figure 2. Percent of &&(PAR) due to water, chl a, CDOM, and tripton when all variables 
were at average values, when chl a was at maximum and other parameters were 
at average values, when CDOM was at maximum and other values were 
average, and when tripton was at maximum and other values average at 































In the present st.udy, the effective fetch distances were greater at Station 111 than 
at Stations I and 11. There are many high buildings along the lakesides of Stations I and 
11, which reduce wind velocities, whereas the surrounding of Station I11 is mostly rural 
with croplands and only sparse low houses (Li et al. 2004). Therefore, the large effective 
fetch distance and strong wind around Station 111 might have resulted in high sediment 
resuspension. Moreover, grain size was relatively smaller at Station I11 than at Stations I 
and 11, indicating that sediment at Station I11 was more easily resuspended. The poor 
sorting of sediment grain size at Station 111 (2.0) also indicated frequent resuspension of 
the sediment as reported in previous studies (Dias et al. 2002, Christiansen et al. 1993, 
Brassard and Morris 1997). 
In conclusion, due to shallower water Ievel, higher regional wind energy, and 
finer sediment grain size, Kd(PAR) at Station 111 is primarily influenced by tripton. 
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